Intervention heroes of Mozambique from 1997 to 2015: estimates of maternal and child lives saved using the Lives Saved Tool Background: As one of several countries that pledged to achieve the Millennium Development Goals (MDGs), Mozambique sought to reduce child, neonatal, and maternal mortality by two thirds by 2015. This study examines the impact of Mozambique' s efforts between 1997 and 2015, highlighting the increases in intervention coverage that contributed to saving the most lives.
Methods:
A retrospective analysis of available household survey data was conducted using the Lives Saved Tool (LiST). Baseline mortality rates, causeof-death distributions, and coverage of child, neonatal, and maternal interventions were entered as inputs. Changes in mortality rates, causes of death, and additional lives saved were calculated as results. Due to limited coverage data for the year 2015, we reported most results for the period 1997-2011. For 2011-2015 we reported additional lives saved for a subset of interventions. All analyses were performed at national and provincial level.
Results:
Our modelled estimates show that increases in intervention coverage from 1997 to 2011 saved an additional 422 282 child lives (0-59 months), 85 450 neonatal lives (0-1 month), and 6528 maternal lives beyond those already being saved at baseline coverage levels in 1997. Malaria remained the leading cause of child mortality from 1997 to 2011; prematurity, asphyxia, and sepsis remained the leading causes of neonatal mortality; and hemorrhage remained the leading cause of maternal mortality. Interventions to reduce acute malnutrition and promote artemisinin-based combination therapy (ACT) for malaria were responsible for the largest number of additional child lives saved in the 1997-2011 period. Increases in coverage of delivery management were responsible for most additional newborn and maternal lives saved in both periods in Mozambique.
Conclusion:
Mozambique has made impressive gains in reducing child mortality since 1997. Additional effort is needed to further reduce maternal and neonatal mortality in all provinces. More lives can be saved by continuing to increase coverage of existing health interventions and exploring new ways to reach underserved populations.
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journal of health global Like many sub-Saharan African countries, Mozambique made a commitment to achieve Millennium Development Goals (MDGs) 4 and 5: to reduce its under-five mortality rate (U5MR) by two thirds and its maternal mortality ratio (MMR) by three quarters by 2015 [1] . Results 
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In the coming years, the Mozambique Ministry of Health aims to "accelerate progress in reducing maternal and neonatal mortality" to achieve Sustainable Development Goals (SDGs) 3.1 and 3.2, as outlined in its Health Sector Strategic Framework (PESS) for 2014-2019 [5] . To successfully prioritize the scale-up of interventions during this next period, it will help to first explore which interventions were most impactful during the previous period. Understanding how the scale-up of interventions has contributed to saving lives in the past will help to set effective targets and expectations going forward.
The Lives Saved Tool (LiST) is a modelling program within the Spectrum software package that has been used in various settings to model the impact of coverage changes on child and maternal mortality [6, 7] . Users enter custom input values for baseline mortality rates, cause-of-death distributions, disease incidence, and coverage rates. Outputs can be generated showing how increases in coverage prevent additional deaths over time, affecting mortality rates and causes of death [8] . The number of additional lives saved can be attributed to specific interventions, allowing users to see which interventions contributed the most to reducing deaths and improving population health.
As part of work undertaken with the National Evaluation Platform (NEP) in Mozambique, we conducted a retrospective LiST analysis to estimate the additional lives saved by changes in intervention coverage from 1997 to 2015. The NEP supports effective policy-making for child and maternal health, by conducting secondary analyses of national and provincial data and supplying policy-makers with evidence to inform decisions [9] . Our goal was to highlight the programmatic efforts in Mozambique that were most impactful in reducing child, neonatal, and maternal deaths from 1997 to 2015, so as to inform future efforts to achieve the SDGs and continue to improve the health of women and children throughout the country.
METHODS

Study design and data sources
In this retrospective secondary analysis, we modelled national and provincial changes in coverage of child and maternal health interventions between 1997 and 2015, and estimated the impact of those coverage changes on child, neonatal, and maternal mortality in Mozambique. Intervention coverage data were ob- For national baseline child and neonatal mortality rates we used estimates from the UN Inter-agency Group for Child Mortality Estimation (UN IGME) [10] . For baseline maternal mortality rates we used published estimates from WHO, UNICEF, UNFPA, World Bank Group, and the UN Population Division [11] . We calculated provincial baseline mortality rates using national-to-subnational LiST projections to estimate provincial mortality rates based on differences in provincial coverage to national coverage.
The data sources for baseline cause-of-death estimates for Mozambique at national level were those used by LiST by default and come from WHO mortality estimates [12, 13] . For provincial cause-of-death estimates, we created national-to-subnational LiST projections (as above) to estimate provincial cause-ofdeath estimates based on differences in provincial coverage to national coverage.
Data analysis
Of the 72 indicators with known effectiveness values that are customizable within LiST, we identified 55 indicators available in the Mozambique household survey data sets, including preventative and curative interventions during pregnancy, childbirth, the neonatal period, and childhood. We used raw survey data to recalculate certain indicators using the software STATA version 13 (Stata Corp, College Station, TX: StataCorp LP), so as to standardize indicators for comparison over time, and to match the indicator definitions expected by LiST. Additionally, we calculated proportions of children stunted and wasted by age category and Z-score, to accurately calculate the impact of interventions on children in different risk categories.
We undertook our analysis with LiST version 5.441 (Spectrum). We manually inputted survey coverage data for the years that were available, and linearly interpolated between these years. For indicators that were not available in survey data sets, or for which only one year of data was available, we flatlined cover-VIEWPOINTS RESEARCH THEME 8: NATIONAL EVALUATION PLATFORM age from 1997 to 2015 and these interventions thus had no effect on the model. For indicators where data was available for only two years, or was not available for either 1997 or 2015, we linearly interpolated coverage between the available years, and duplicated (flatlined) coverage before and after the available years.
Once the projections were complete, we used LiST to generate three types of outputs at national and provincial levels: mortality rates, number of deaths by cause, and number of additional lives saved by intervention. For each of these outputs we separated results by age category: neonatal (0-1 month), child (0-59 months), and maternal. Once we had calculated the additional lives saved for each intervention, we identified the 10 interventions that contributed the largest number of additional lives saved nationally, and listed the number and proportion of additional lives saved from the same interventions by province.
While 
RESULTS
Changes in coverage of interventions
The coverage values for child, neonatal, and maternal interventions that we used as inputs for our LiST projections are available in Table 
Changes in mortality
LiST estimates trends in mortality rates arising from changes in intervention coverage. [10] . This stands to reason, since LiST only accounts for indicators that are inputted into the software. It is likely that other interventions, not inputted into our projections, also had an impact on mortality, resulting in a more significant reduction than suggested by our estimates.
Causes of death Table 3 shows the proportion of deaths due to different causes in 1997 and 2011. In both years, malaria was the major cause of death among children under five, with approximately one in four deaths due to malaria. There was a decrease in the proportion of deaths due to measles, and an increase in the proportion of deaths caused by AIDS and wounds. Prematurity, asphyxia, and sepsis were the major causes of neonatal death in 1997 and 2011. From 1997 to 2011 the three major causes of maternal deaths were postpartum hemorrhage, other indirect causes of death, and antepartum hemorrhage. The major causes of death among children, neonates, and mothers at provincial level followed the same pattern as the causes of death at national level.
Additional lives saved
Our modelled estimates show that increases in intervention coverage from 1997 to 2011 saved an additional 422 282 child lives (0-59 months), 85 450 neonatal lives (0-1 month), and 6528 ma- From 1997 to 2011, and from 2011 to 2015, increased coverage of neonatal interventions contributed 85 450 and 11 290 additional neonatal lives saved, respectively. Increased coverage of labor and delivery management (28%), breastfeeding promotion (19%), and full supportive care for neonatal sepsis/pneumonia (19%) contributed the largest proportion of additional lives saved from 1997 to 2011. From 2011 to 2015, labor and delivery management continued to add the largest proportion of lives saved (29%), with no data available for breastfeeding promotion and full supportive care for neonatal sepsis/pneumonia. Among the 6528 and 884 additional maternal lives saved for 1997-2011 and 2011-2015 respectively, the increased coverage of labor and delivery management contributed about half (58%) and one third (31%) of additional lives saved, respectively, followed by increased coverage of active management of the third stage of labor (AMTSL), magnesium-sulfate (MgSO4) for the management of eclampsia, and clean birth practices.
We have not presented our results of additional lives saved by intervention at provincial level, but these are available in Appendices S3-S5 in Online Supplementary Document. 
DISCUSSION
Since 1997, Mozambique has seen a considerable reduction in child mortality, reflecting the efforts made by the Ministry of Health to scale up proven child health interventions and roll out new interventions. Various vaccines were introduced over the past eight years (Pentavalent3/DPT3, pneumococcal and rotavirus); a national ITN household ownership strategy was rolled out in 2011; the implementation of pediatric ART and PMTCT was introduced in 2002 in Maputo and later in the remainder of the country; and a breastfeeding promotion strategy was begun in 2009 [14] . These efforts should be recognized and celebrated for their contributions to improving child health.
Our findings also offer details about the changes in coverage over 15 years (1997-2011 ) that contributed the most additional lives saved among children under five -in other words, the efforts that had the biggest impact. We found that wasting and malaria interventions were responsible for most of the addi- tional mortality reduction. However, we also found that malaria and malnutrition are still responsible for significant mortality in Mozambique, and thus continue to represent an opportunity to decrease child mortality further. In our analysis, more than one quarter of children were stunted in 2011, and malaria remains the biggest killer of children under five. A 2007 cause-of-death survey in Mozambique corroborates these findings, suggesting that malaria was responsible for 42.3% of under-five deaths [15] . These data highlight the importance and timeliness of recent further increases in government health financing to reduce under-five mortality [16] .
Although increased coverage of interventions did reduce neonatal and maternal mortality in most provinces, the increase was not consistent and was limited in some areas, especially in Cabo Delgado, Gaza, and Maputo City. We found that interventions related to labor and delivery management averted more than half of the maternal deaths and more than one quarter of the neonatal deaths in the last 19 years. However, interventions related to prevention of maternal mortality such as antenatal care, skilled birth attendance, and institutional delivery showed lower coverage increases compared to other preventive and curative interventions, hence the smaller reduction in maternal mortality from 1997 to 2011 compared to child mortality. While there was an increase in coverage of facility delivery to more than 90% in Ma- puto Province in 2011, other provinces have yet to achieve such coverage of facility delivery or antenatal care. Additionally, only one fifth of pregnant women received preventive treatment for malaria in 2011 at national level. This may be due to a limited awareness of the consequences of malaria in pregnancy, especially for newborns [17] .
The findings from this paper emphasize the success of the government in increasing coverage of existing interventions saving hundreds of thousands of additional lives, beyond those that were already being saved by existing coverage of interventions in 1997. This highlights the value of a multi-targeted approach, increasing awareness and uptake of new strategies, while further increasing access to and utilization of existing interventions. However, with all this in mind, more must be done not only to improve the coverage of interventions but also to improve the quality of such interventions, requiring more attention to policy implementation and health service delivery. Policy-makers should also ensure that gaps in intervention coverage are reduced not only in wealthy or urban areas of the country, but equitably across Mozambique. A multi-country analysis for low and middle income countries showed that both relative and absolute wealth-related and educational inequalities in maternal and neonatal health decreased in the last decade in Mozambique [18] . Nevertheless, in countries with low levels of antenatal care such as Mozambique, scaling up this service to rural and underserved areas might be an effective strategy to reduce health inequities.
Limitations
As a retrospective analysis of secondary data, we depended on the data available to us. We were only able to include indicators modelled in LiST and indicators for which we had reliable data. Specifically, due to the limited number of interventions in the 2015 IMASIDA survey data set, we could not reliably estimate trends in mortality or causes of death for 2011-2015, or compare additional lives saved in that period with the 1997-2011 period. As such, we were only able to report most results for 1997-2011. Data limitations during the 1997-2011 period also explain why the mortality trends generated by our LiST projections ( Table 2) under-represent the decline in mortality reported in DHS surveys from 1997, 2003, and 2011. The mortality decline in our projections only captures the coverage changes for interventions that we could model.
While these limitations raise questions about our mortality rate calculations, they do not negate the value of our intervention-specific findings on additional lives saved. Even for the 2011-2015 period, our findings reflect accurately the additional lives saved attributable to those interventions for which we have data -the lack of data on other interventions does not affect our estimates for the interventions for which we do have data. Although LiST does not allow users to produce confidence intervals for uncertain coverage estimates, this paper nonetheless offers important estimates for the relative impact of interventions, an output that can help to define priority interventions in the future. This analysis also highlights the value of using existing survey data to understand the health landscape in Mozambique, especially as routine health information system (HIS) data on mortality and causes of death are still lacking at both national and provincial levels.
CONCLUSION
The findings from our analysis and previous surveys of mortality show that Mozambique has made great strides towards achieving MDG 4. Efforts to achieve MDG 5 have been less fruitful. Mozambique should continue striving to reduce child, neonatal, and maternal mortality -to achieve the SDGs by 2030, but more importantly to improve the lives of women and children across the country. Further commitments to interventions that we know save lives, such as ITN/IRS and improved labor and delivery management, should be sought, and additional effort should be made to monitor the impact of interventions on child and maternal health. More lives can be saved by continuing to increase coverage of existing health interventions and exploring new ways to reach underserved populations.
